The gag gene of human T cell leukemia virus type I (HTLV-I) was fused to a lac'Z segment and fused proteins with g<2g-/?-galactosidase were efficiently expressed under the control of the tryptophan promoter in Escherichia coli. It was found that not only the sequence around the initiation codon, but also the 3'-part of the gag gene segment greatly affected the efficiency of expression for these hybrid proteins. Modifying both the 5' and 3' regions, high level expressions of two forms of gag antigens have been achieved.
HumanT cell leukemia virus type I (HTLV-I)1~4) is a type C retrovirus causatively associated with adult T cell leukemia (ATL) endemic in southwestern Japan5} and the Caribbean.6* Antibodies that react with MT-1 cells, derived from peripheral leukemia cells of a patient with ATL, have been found in the sera of ATLpatients and the antigens were named ATL-associated antigens (ATLA).
Antibodies to ATLAwere also detected in 25% of the healthy adults in the endemic area.
3) It was well established that blood transfusion from seropbsitive donors transmits the HTLV-I into sero-negative recepients.7) So it is evident that these seropositive bloods should not be used for blood transfusion. Since ATLAinclude the viral antigens, gag proteins such as p24 (the major core antigen)8) or envelope protein could be used for the screening of possible carriers for antibodies to HTLV-I. 1267 Here we describe the production of the gag gene product involving p24 of HTLV-I in E.
coll. Several factors which affected the efficiency of the expression of the gag gene product are also described.
MATERIALS AND METHODS
The source for the HTLV-I gag gene was pATK03, which contains the entire gag coding sequence as described.9* pTrS3,10) an "ATG vector," was used for an pGELl contains tandemly linked Ptrp, human interferon-y CDNA,and E. coli lipoprotein transcriptional terminator (Tlpp). E. coli cells harboring pGELl efficiently synthesize interferon-y (more than 20%of total cellular proteins), and we have described the efficient expression of salmon growth hormone using this vector system.n) A "termination codons vector," pKYP26, contains three termination codons immediately after the unique Kpn\ site (GGTAC/CTAAGTAATTAA). When a 3'-end of a gene segment is ligated to this site, the translation in any of the three reading frames must be terminated at these codons. E. coli K-12 HB101was used as a host for all plasmid constructions, and W3\ \0strA was used for production.
Total extracts of E. coli cells were analysed by SDSpolyacrylamide gel electrophoresis (SDS-PAGE) followed by Coomassie brilliant blue staining. Stained gels were scanned with a densitometer to estimate the production levels of gag proteins.
RESULTS
As our initial approach was to express p24 in an un fused form, we first constructed a plasmid that contains the identical part of the gag gene in pADC6. Although we observed the expression of gag antigen protein in E. coli cells harboring the plasmid, the expression level was quite low (data not shown). So wetried to express the gag antigen in fused forms with /?-gal to make it easy to detect and estimate the product.
The Ptrp fragment of pTrS3, lac'Z of pMC1587, 12) and p24 coding fragments of pATK03 were used to construct a series of p24-/?-gal expression plasmids as shown in Fig.  1(A) . The detailed structures for the Nterminal region of these proteins as well as the nucleotide sequences are also shown in Fig.  1(B) . The nucleotide sequences at thejunctions between gag and lac'Z were confirmed by sequence analysis.
As expected, E. coli cells containing pADC6 synthesized a very small amount of the fusion protein. pAAE2,encoding the gag antigen that lacks 30 amino acids for the N-terminal region of pADC6, expresses a several-fold higher amount of the fusion protein. Furthermore, whenten amino acids were deleted from the Cterminal region of pAAE2, the expression level was greatly increased (pAADl). The Nterminal region of pAAF3is three amino acids shorter than that ofpAAE2, and pAAF3has a different structure between SD and ATG. Although the expression level of pAAF3 is almost as same as pADC6, pAAGl had the increased expression upon the C-terminal deletion from pAAF3 (Fig. 2) . These results clearly indicated that the expression level of the gag gene in E. coli is affected not only by its N-terminal region but also the C-terminal sequence. The nucleotide and amino acid sequences of the C-terminal region as well as the junctions with lac'Z are shown in Fig. 1(C) .
pAFAlOis the identical construct of pAAGl except for a spontaneous one-base deletion between SD and ATG. As a result, pAFAlO directed the synthesis of the gag-/3-ga\ at a much increased level which is comparable to pAADl (Fig. 2 ). In addition, E. coli cells containing pAFAlO or pAADl formed inclusion bodies of gag-/?-gal fusion proteins.
Since these results demonstrated that the gag portions encoded by pAADl or pAFAlO and their SD-ATG structures are best for efficient expression in E. coli, we constructed two types of plasmids. A Pstl-BamHl 1.7kb fragment of pGELl , Hpal (partially digested)-Pstl 0.9kb fragment of pGELl and a Hpal-BamHl 0.7kb fragment of pAFAlO were ligated to yield pAFB7. The detailed structure is shown in Fig. 3 including the N-and Cterminal parts of the gag protein encoded by pAFB7. Another plasmid, pAFGlO, was constructed through more complicated steps which are omitted for simplicity.
As a result, pAFGlO codes for the gag protein which is identical to pAADl except that it contains only the first 2 amino acids for pi5, followed by 3 amino acids derived from the termination codons vector (pKYP26) sequence (Fig. 3 ).
These two plasmids directed the expression of gag proteins at high levels, which were about 8% (pAFB7) and 13% (pAFGlO) of total cellular proteins, as shown in Fig. 4 . E. coli cells harboring pAFGlOformed inclusion bodies but pAFB7 did not. These products were purified from E. coli extract and used in a detection system for anti-ATLA antibody.
About 80% of anti-ATLA antibody positive Fig. 1(A) . Portions of gag Proteins Included in gag-j3-ga\ Fusions. Cross-hatched box, p24 region; dotted box, /?-galactosidase segment. On the right the approximate expression rate is shownas a percentage of total cellular proteins. Fig. 1(B) . 
DISCUSSION
In this study we have successfully expressed the gag gene product of HTLV-I. It is well known that the sequences between SD and ATG as well as the downstream region of ATG strongly affect the efficiency of translation. 13'140 In addition, our data on the fused proteins demonstrated that not only this region but the 3'-part of the gag region contained in pADC6, pAAE2, or pAAF3 greatly influenced the expression level. These results suggest that some sequences that lower the transcription or translation efficiency may exist in the 3'-portion.
Although the mechanism is not known, the sequence between HinU and Smal as shown in Fig. 1(C) should be closely associated with this effect. No stable stem and loop structure, etc. is found in this region. One possibility is the "very rare codons" which lie continuously in the region ( Fig. 1(C) ). As transfer RNAspecies related to "very rare codons" exist in a very low amount in E. coli cells,15) the translation efficiency may be decreased when they appear continuously.
In general, the possibility that the products are toxic to E. coli cells and they lead to the low productivity cannot be eliminated.
During the preparation of this manuscript, another group reported the expression of the gag antigen of HTLV-I in E. coli,16) but the production level was not enough to prepare a large amount of gag antigen for diagnostic use.
Wealso achieved the expression ofenv antigen 
